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ABSTRACT  The value and timing of multidimensional assessments in chronic obstructive pulmonary
disease (COPD) remains unclear because there is little information about their variability and relationship
to outcome. The aim of this study was to determine the progression of COPD using clinical and spirometric
variability over time with mortality as the outcome.

We determined the annual intra-individual variability of forced expiratory volume in 1 s (FEV1) and
BODE (body mass index, airflow obstruction, dyspnoea, exercise capacity) index in 403 patients with at
least five measurements. The pattern was defined as “stable” if the annual change remained constant in
>66% of the observations and “unstable” if it did not meet that threshold. We explored the minimum
number of yearly observations that related to mortality in the 704 patients of the cohort.

The “unstable” pattern of FEV1 was seen in 53% and 40% of patients using a threshold of 40 mL-year™
and 100 mL-year™, respectively. There was a slightly more “stable” pattern in the BODE index (62% for
1 point). A profile associated with mortality was defined by a baseline measurement followed by annual
measurements for 2 years of the BODE index, but not its individual components, including FEV1
(p<0.001).

Progression of COPD measured using FEV1 is inconsistent and relates poorly to outcome. Monitoring
the more stable BODE index better assesses disease progression.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality
worldwide [1]. COPD is a complex disease and several authors have shown that it is not always progressive,
with a high variability among patients [2—5]. These studies have challenged the classical concept of the one-
dimensional accelerated decline in forced expiratory volume in 1 s (FEV1) as the natural history of patients
with COPD [6].

In the studies evaluating lung function, the annual decline has been expressed as a mean value for groups or
as a change calculated from individual FEV1 slopes [3]. However, many authors, including FLETCHER and
PETO [6], noticed irregular patterns with wide swings in FEV1 that are not expressed in the smoothed data as
provided by statistical analyses. There have been no attempts to relate long-term individual variability to
clinical consequences in COPD, and it is still unclear with what frequency and over what length of time
evaluations to determine the clinical stability of the patients should be planned.

It is possible that the pattern of variability of the dimensions used to determine disease progression may
have clinical implications, as shown for restrictive lung physiology in the Tucson Epidemiological Study of
Airway Obstructive Disease [7]. In that study, the authors developed a spirometric pattern classification
using predefined threshold of variability of FEV1 to express the pattern of lung function change as
“consistent” (little variability over time) or “inconsistent” (large variability over time). They observed that
patients with an “inconsistent” restrictive pattern had a higher mortality over time than those with a
“consistent” (less variability) pattern. If the same was true for COPD, then the monitoring of disease
progression has to take this variability into account.

The guidelines, based on expert opinion, suggest that spirometry measurements be performed 1 year apart
[1], but do not address the issue of variability and its implications. Furthermore, they do not provide data
to support the value of repeated measurements of any other clinical dimension [1].

We hypothesised that in COPD, the longitudinal variability pattern of the body mass index, airway
obstruction, dyspnoea, exercise capacity (BODE) index would better predict all-cause mortality compared
to variability in FEV1, because BODE incorporates multiple domains of the disease and would vary less
over time. To test this hypothesis we applied the analysis developed by GUERRA et al. [7] to the BODE
cohort. We calculated the individual variability over time of the FEV1 and the BODE index and its
components, the body mass index (BMI), modified Medical Research Council (mMRC) dyspnoea score
and the 6-min walk distance (6MWD). We then related the observed variability pattern of these variables
to all-cause mortality.

Methods

Subjects

A total of 1151 outpatients (1058 males) with COPD in pulmonary clinics in the USA (Bay Pines VA
Medical Center, St Petersburg, FL) and Spain (Hospital Universitario La Candelaria, Tenerife), participated
in the study. They were evaluated yearly from 1997 until 2009 or until death [8]. The human review board
at each centre approved the study and all patients signed the informed consent form.

COPD was defined by a smoking history of >20 pack-years and a post-bronchodilator FEV1/forced vital
capacity ratio <0.7. Patients had been stable for >6 weeks and received optimal medical therapy [9].
Exclusion criteria were uncontrolled comorbidities such as malignancy at baseline, asthma or other
confounding diseases that could interfere with the study.

Pulmonary function and clinical variables

Spirometry, lung volumes and a single-breath diffusing capacity of the lung for carbon monoxide were
measured according to American Thoracic Society (ATS) and European Respiratory Society (ERS)
guidelines [10, 11] and severity of obstruction was classified according to ATS/ERS/Global Initiative for
Chronic Obstructive Lung Disease (GOLD) standards [1, 9]. The 6MWD was measured as the better of two
walks separated by 30 min [12]. Dyspnoea was evaluated using the mMRC scale [13]. BMI was calculated in
kg-m% The BODE index was calculated as previously described [8]. Comorbidities were evaluated using the
Charlson index [14]. Hospitalisations and all-cause mortality were recorded [15].

Longitudinal patterns

To optimally estimate individual longitudinal patterns, at least five annual measurements were required for
each dimension.
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Spirometric patterns

Spirometric patterns were generated as follows. 1) The rate of decline in FEV1 using two different
thresholds: <40 or >40 mL-year' and <100 or >100 mL-year'. The selection of the threshold of
40 mL-year™ was based on the rates described in healthy smokers [16] and that used in the Evaluation of
COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) study [2]. We also explored
the more conservative threshold of 100 mL-year™, because this is thought to be the minimally important
clinical difference for this variable [17]. 2) Using the thresholds defined above, the variability of the
measurement was defined as: “stable” if the annual rate of FEV1 change was observed in >66% of the
measurements, and “unstable” if the annual rate of FEV1 change was observed in <66% of measurements.
We chose a more stringent threshold of 66% compared to the 50% used by GUERRA et al. [7] in order to be
more conservative in the definition of the pattern.

To correct for differences in anthropometry and sex, we repeated the analysis using two normalising
thresholds of 3% or 6% of predicted FEV1. The 3% value is based on the results of the Lung Health Study as
proposed by SANDFORD et al. [18], and the 6% value was tested to approximate the 100-mL-year™ threshold
defined above.

BODE and its components

We evaluated the variability of the BODE index using changes of 1 point as the threshold that predicts
mortality. To define the “stable” or “unstable” patterns we used the same 66% threshold values than used
for FEV1. We applied the same definition for each of the other BODE components: for BMI a threshold of
1 kg'm™, for dyspnoea 1 unit on the mMRC scale and for 6MWD a cut-off value of 50 m. All these
thresholds were based on their validated capacity to predict mortality [19-21].

Monitoring disease progression

Using patients who had at least a baseline measurement and two yearly follow-up measurements of all
variables (three measurements) we then evaluated the minimal number of visits where the presence of a
pattern could predict mortality at 12 and 24 months (fig. 1).

Statistical analysis

Data are summarised as frequencies for categorical variables, mean +sp for normally distributed variables
and median (5th-95th percentile) for non-normally distributed variables. Comparisons between groups
were performed using Pearson’s Chi-squared test, the Kruskal-Wallis H-statistic and the Mann—Whitney U-
test. We performed a logistic regression analysis to determine how much more the BODE index predicts
mortality than 6MWD, since, in contrast to BMI and the mMRC dyspnoea scale, the variability of the
6MWD did relate to mortality in the univariate analysis. Significance level was established as a p<<0.05.
Calculations were made using SPSS 20.0 (Chicago, IL, USA).

Baseline
n=704 patients

Visit 2 Improved Worsened
Visit 3 Improved Worsened Improved Worsened
v v v v
“Stable” “Unstable” “Stable”
nonprogressive pattern pattern progressive pattern

FIGURE 1 Algorithm describing the grouping of patients with chronic obstructive pulmonary disease into patterns of
disease progression determined over 2 years related to mortality. Each variable of the BODE (body mass index, airflow
obstruction, dyspnoea, exercise capacity) index was analysed using the same methodology (see the Methods section).
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TABLE 1 Baseline characteristics of the patients

COPD patients with >3 annual COPD patients with <3 annual p-value
measurements measurements

Subjects 704 447
Male/female 652/52 406/41 0.334
Age years 66+9 67+9 0.103
Smoking pack-years 66+26 70428 0.393
Active smoking % 29 38 0.004
BMI kg-m™2 27+5.6 26.9+6.2 0.551
FEV1L 1.414+0.56 1.394+0.65 0.467
FEV1 % 46417 46420 0.969
Pao, mmHg 72.7+11.9 69.6+14.7 <0.001
FVC % 72421 70420 0.705
6MWD m 372+127 329+ 154 <0.001
mMRC dyspnoea score 2 (0-4) 2 (1-4) 0.015
BODE index 3 (0-8) 4 (0-9) 0.002
IC/TLC ratio 0.30+0.12 0.29+0.11 0.958
Kco % 60+23 58+21 0.702
Charlson index 4 (2-9) 4 (0-11) 0.987
Hospitalisations per patient per year 0.21+0.02 0.41+0.04 <0.001
Inhaled anticholinergic % 68 62 0.109
Inhaled B,-agonist % 92 86 0.003
Inhaled corticosteroid % 62 48 <0.001
SGRQ 47422 50+22 0.167

Data presented as n, mean+sb or median (5-95th percentile). COPD: chronic obstructive pulmonary disease; BMI: body mass index; FEV1: forced
expiratory volume in 1 s; Pa0,: arterial oxygen tension; FVC: forced vital capacity; 6MWD: 6-min walk distance; mMRC: modified Medical Research
Council; BODE: BMI, airflow obstruction, dyspnoea, exercise capacity; IC: inspiratory capacity; TLC: total lung capacity; Kco: transfer coefficient of

the lung for carbon monoxide; SGRQ: St George’'s Respiratory Questionnaire.

Results

Study population

From the 1151 patients, 403 had at least five lung function measurements. The mean number of
measurements was 6.62 (range 5-11). To establish the variability of BODE and its components we used data
from 375 patients who had at least five measurements of all variables.

Once the variability pattern was determined for all domains, we re-evaluated in all 704 patients who had at
least three measurements (baseline and two visits) and related the impact of the variability to predict
mortality. Baseline characteristics of these patients are shown in table 1.

FEV1 pattern

The proportions of patients with different patterns of FEV1 are shown in table 2. Most of the patients
demonstrated a noncontinuous variable pattern (unstable) with increases and decreases in FEV1, but the
proportion varied depending on the threshold used. The majority of patients (214 (53%)) had an unstable
pattern of lung function, 85 (21%) had a stable pattern of decline >40 mL-year' and 104 (26%) had a
stable pattern of decline <40 mL-year'. The unstable pattern was still frequent (40%) at the higher
threshold for FEV1 (100 mL-year'). The unstable pattern remained the most frequent when we expressed
the variability of the FEV1 as 3% change, and decreased (26% of patients) when we used a 6% threshold.

Random free concordance was low between absolute value (mL) and per cent predicted reference value for
low and high values of cut-off points (Cohen’s k 57% and 51%, respectively).

Pattern of BODE and its components

Based on the yearly BODE index change (1 point), we observed the following: 33 (9%) patients had a stable
worsening of >1 point, 200 (53%) patients had a stable change of <1 point and 142 (38%) patients had an
unstable pattern.

The variability of BMI and mMRC dyspnoea scores had little relationship to mortality. Interestingly, there
was also variability of the 6SMWD; however, a stable decrease of > 50 m~year’1 over 2 years was predictive of
mortality (table 3).
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TABLE 2 Distribution of annual individual longitudinal pattern of forced expiratory volume in 1 s (FEV1) estimated over at least
five measures and according to different thresholds

FEV1 BODE index
>40 mL-year™' >100 mL-year™ 3% 6% 1 point
Stable progressive 85 (21) 48 (12) 24 (6) 4 (1) 34 (9)
Stable nonprogressive 104 (26) 194 (48) 133 (33) 294 (73) 199 (53)
Unstable 214 (53) 161 (40) 246 (61) 105 (26) 142 (38)

Data are presented as n (%). BODE: body mass index, airflow obstruction, dyspnoea, exercise capacity.

TABLE 3 Distribution of patients by cut-off point for the BODE (body mass index, airflow obstruction, dyspnoea, exercise
capacity) index and individual components and longitudinal 2-year pattern and mortality after 12 and 24 months

Variable and cut-off point Patients Mortality
12 months p-value 24 months p-value
BMI
>0 368 (54) 7.4 16.2
<-1 42 (6) 7.1 11.9
Unstable 273 (40) 7.8 18.9
0.490 0.204
FEV1 mL
=40 144 (20) 8.6 20.1
<40 128 (18) 5.6 14.6
Unstable 430 (62) 7.3 16.1
0.636 0.434
FEV1 %
>3 77 (11) 9.1 20.8
<3 202 (30) 4.5 13.8
Unstable 404 (59) 8.8 18.3
0.143 0.281
FEV1 mL
>100 73 (10) 6.9 18.1
<100 208 (30) 3.9 13.9
Unstable 423 (60) 8.9 17.6
0.075 0.481
FEV1 %
=6 27 (4) 7.4 20.1
<6 335 (49) b.4 14.8
Unstable 321 (47) 9.1 15.2
0.145" 0.373"
mMRC dyspnoea score
=1 28 (4) 3.6 7.4
<1 402 (58) 53 14
Unstable 261 (38) 10.8 21
0.023" 0.028"
6MWD m
>50 32 (5) 15.6 34.4
<50 346 (51) 4.1 13.4
Unstable 293 (44) " 19.5
0.001 0.004
BODE index
=1 66 (10) 21.2 35.4
<1 244 (36) 2.9 10.1
Unstable 378 (54) 7 17.3
<0.001 <0.001

Data are presented as n (%) or %, unless otherwise stated. BMI: body mass index; FEV1: forced expiratory volume in 1 s; mMRC: modified Medical
Research Council; 6MWD: 6-min walk distance. *: number of patients is very low in some patterns.
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507 [] 12 months
457 [ 24 months
40
35
= 30+
[92]
s 25
3
=) 204
154
104
54 FIGURE 2 Association of BODE (body
mass index, airflow obstruction,
Stable BODE <1 Unstable Stable BODE >1 dyspnoea, exercise capacity) index 2-
year longitudinal pattern with risk of
Patients n (%) 244 (36) 378 (54) 66 (10) death at 12 and 24 months (p<<0.001).

Longitudinal patterns and mortality

The longitudinal observation of the pattern over 2 years (three measurements) was sufficient to determine
an impact on outcome. The 12- and 24-months mortality for BODE and its components are shown in
table 3. The numbers of deaths for these periods were 51 and 115, respectively. The BODE index and
6MWD pattern of change, but not the FEV1 longitudinal pattern, were significant predictors of mortality
(table 3 and fig. 2).

The BODE index pattern was a better predictor of 12- and 24-months mortality than 6MWD for both
unstable and stable progression patterns. The risk ratio for the stable progression pattern for the BODE
index was 7.40 (95% CI 2.58-21.21) by 12 months and 4.50 (95% CI 2.11-9.57) by 24 months.

TABLE 4 Baseline characteristics of the patients stratified by the longitudinal BODE (body mass index, airflow obstruction,
dyspnoea, exercise capacity) index patterns configured over 2 years

Variable Unstable Stable progressive Stable nonprogressive p-value
BODE >1 BODE <1

Subjects 372 66 242

Male/female 342/30 61/5 225/17 0.905
Age years 69+8 68+9 65+9 0.005
Smoking pack-years 65+25 69+14 63+28 0.865
Active smoking % 29 29 28 0.955
BMI kg-m™2 27+5.8 26.5+5.4 27.2+5.5 0.600
FEV1L 1.38+0.52 1.39+0.53 1.474+0.61 0.119
FEV1 % 46+16 45+15 47+18 0.553
Pao, mmHg 72.24+11.9 69.8412.8 73.8 (11.1) 0.035
FVC % 74420 80+21 74 (20) 0.200
6MWD m 362+123 349 +101 394 (134) 0.003
mMRC dyspnoea score 2 (0-4) 2 (0-4) 2 (0-4) 0.351
BODE index 4 (1-8) 4 (1-7) 3 (0-9) 0.103
IC/TLC ratio 0.29+0.12 0.33+0.16 0.30 (0.11) 0.370
Kco % 58423 55416 63 (22) 0.109
Charlson index 4 (2-9) 5 (2-9) 4 (1-8) 0.001
Hospitalisation per patient per year 0.25+0.02 0.27+0.06 0.14 (0.02) 0.007
Inhaled anticholinergic % 68 72 68 0.965
Inhaled B,-agonist % 94 97 89 0.393
Inhaled corticosteroid % 62 62 63 0.970
SGRQ 49420 50419 43+21 0.035

Data are presented as n, mean+sb or median (5-95th percentile), unless otherwise stated. BMI: body mass index; FEV1: forced expiratory volume
in 1's; Pa0,: arterial oxygen tension; FVC: forced vital capacity; 6MWD: 6-min walk distance; mMRC: modified Medical Research Council;
IC: inspiratory capacity; TLC: total lung capacity; Kco: transfer coefficient of the lung for carbon monoxide; SGRQ: St George's Respiratory
Questionnaire.
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TABLE 5 Relative risk of mortality in patients with chronic obstructive pulmonary disease using multiple logistic binary

regression modelling®

Relative risk (95% Cl) p-value

Stable nonprogressive BODE index pattern Reference

Unstable BODE index pattern 1.549 (0.648-3.701) 0.325
Stable progressive BODE index pattern 6.750 (2.324-19.608) <0.001
Progressive 6MWD pattern 1.773 (0.403-7.793) 0.448
Charlson index 1.286 (1.101-1.502) 0.001
Hospitalisations 2.626 (1.387-4.971) 0.003
Pao, 0.984 (0.956-1.013) 0.271
SGRQ 1.009 (0.993-1.025) 0.281

BODE: body mass index, airflow obstruction, dyspnoea, exercise capacity; 6MWD: 6-min walk distance; Pa0,: arterial oxygen tension; SGRQ: St
George's Respiratory Questionnaire. *: with constant using backward stepwise method and Wald's criteria/five iterations including BODE index
pattern, 6MWD pattern, Charlson index, hospitalisations, age and Pa0,.

DOI: 10.1183/09031936.00096913

The baseline characteristics of the BODE index of the cohort according to the longitudinal patterns are
shown in table 4. There were no differences in smoking habits, FEV1, BODE index, medications and other
parameters among the three longitudinal pattern groups.

Adjusting the logistic model by the baseline differences showed that the BODE index longitudinal pattern
remained an important and independent predictor of mortality at 12 and 24 months (table 5).

Discussion

This study of patients with COPD attending pulmonary clinics has several findings. First, during a
prolonged period of follow-up we observed a high intra-individual variability over time in FEV1, which is
smaller for the BODE index. Secondly, the BODE index, but not the FEV1 longitudinal pattern, is useful
because its annual change over a period of 2 years (one baseline measurement and two yearly
measurements) has the best capacity to predict the risk of death in the following 12 and 24 months.
Finally, these results suggest a practical approach for the frequency, timing and interpretation of
longitudinal measures in patients with COPD based on an important outcome such as mortality.

This study provides insight into the interpretation of variations occurring in the individual domains
characterising COPD progression in clinical practice. Most studies assessing changes in lung function did
not address individual patient variability since they evaluated FEV1 changes using mean group value
[22-24]. Over the past 2 years, three observational studies have shown that the annual rate of FEV1 decline
is variable and that the progression of COPD differs depending of the variable used to characterise it [2—4].

Longitudinal pattern change

As originally described by FLETCHER and PETO [6], not all patients manifest a monotonous change in FEV1
over time. However, it was not until the study by GUERRA et al. [7] that attempts were made to quantify this
variability and relate it to outcomes. These authors noticed that patients with restrictive disease, whose lung
function changed significantly in 50% of the yearly visits, had increased mortality compared with patients
with lesser variability. We applied a more stringent threshold by defining an unstable pattern if the
variability was significant in 66% of the measures, and evaluated the variation using two thresholds:
>40 mL-year ' and >100 mL-year . We observed that a large proportion of patients with COPD manifest
an unstable pattern of change, that is to say there is a large variability in FEV1 at different visits. The
proportion differs depending on the threshold used to define the variability (table 2). The proportion of
patients was largest when a threshold of 40 mL-year™ was used and, although it decreased if 100 mL-year™
was selected, it still remained very large. The same is true if the results are expressed as a percentage of
predicted value, with the lowest proportion seen if 6% versus 3% is used. In contrast to the findings by GUERRA
et al. [7], who reported a higher mortality rate in restrictive patients with the inconsistent pattern (more
variability), the pattern of change in FEV1 did not help predict outcome using all of the thresholds explored.

When variability is tested for BODE and its components, several findings are evident. First, using the
threshold of 1 point per year measured over 2 years, a stable pattern (less variability) of BODE deterioration
of 1 point per year is a marker of poor prognosis compared with patients with an unstable or a stable
nonprogressive pattern (<1 point per year). Interestingly, the BODE index component with the highest
contribution to its predictive power was the 6MWD.
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The relative stability of the dyspnoea score we report is consistent with four studies with longitudinal data
of changes in dyspnoea [25-28]. Recently, and similarly to our findings, MAHLER et al. [28] observed that
dyspnoea measured using the mMRC dyspnoea scale did not increase significantly when measured every
6 months over 2 years. To our knowledge there are no longitudinal studies about the evolution of BMI in
patients with COPD and its relationship to outcome. Our results showed that the potential impact of BMI
change on predicting mortality is very low.

The pattern of change of the 6MWD did predict mortality with a stable decrease of >50 m-year' being
associated with increased risk of death. However, the “consistent” pattern of deterioration of the BODE
index remained a better predictor in the multivariate analysis (table 4). We believe that the integrative
characteristic of the BODE index better helped to smooth all the changes of the individual variables, and in
this way improve outcome prediction. Indeed, longitudinal changes in the BODE index with specific
therapeutic interventions were associated with survival among COPD patients [29, 30].

The COPD guidelines recommend that symptoms be monitored with measurement of spirometry to
modify therapy, identify complications and avoid disease progression [1, 9]. The GOLD strategy
recommends adding the frequency of exacerbations, the perception of dyspnoea and comorbidities to
assessment [1]. All guidelines offer little practical guidance to support this statement. In fact, the evidence is
controversial. A Danish population study suggested that the new classification is able to predict
exacerbation [31], but data from the same study and a pooled analysis in 11 Spanish cohorts [31, 32]
showed that this new grading of patients with COPD compared to the old GOLD staging based on
spirometry alone is worse at predicting mortality. In addition, the recommendations remain opinion based
[1, 9]. Our results support multidimensional assessment including the use of an exercise evaluation (in our
case the 6BMWD), because a stable deterioration of 50 m~year’1 provides outcome information. Indeed, two
studies evaluated the 6MWD change over time with similar results [33, 34].

In terms of when to measure the variables, our data suggests that at least three (one baseline and two yearly
follow-up) assessments are necessary to define a reliable pattern. We believe that the integrative
characteristic of the BODE index better smoothed all the changes of the individual variables and in this way
improved outcome prediction. Based on the results, it may be advisable to perform the BODE index, since it
provides a more accurate prediction of mortality.

Some limitations of the implementation of the 6 MWD test in clinical practice have been related to the need of
a corridor and the time consumed. This test has become routine in the evaluation of pulmonary hypertension
and idiopathic pulmonary fibrosis [33], confirming the value of the test in specialised practices.

There are some limitations of our study. First, the BODE cohort is an observational study of patients
attending pulmonary clinics and is not a general medical practice or population-based study. As we
described previously, it is possible that in this setting there are more patients with a lower value of BODE
index and the consistent nonprogressive pattern will be more frequent. Secondly, few females were included,
and the findings reported here cannot be extended to that sex. Finally, our findings should be validated in
other cohorts. However, the excellent characterisation of the patients in the cohort, the longitudinal follow-
up and the use of mortality as an outcome are important advantages that outweigh some of the drawbacks.

In summary, we demonstrated a large individual variability over time in FEV1, which is smaller for the
BODE index. Among the variables included in the BODE index only the stable deterioration of the 6 MWD
was predictive of mortality at 1 and 2 years. However, a consistent worsening of the multidimensional
BODE index was even more powerful than the 6MWD in predicting outcome. Our findings confirm the
limitations of the FEV1 alone and support the BODE index as a very useful tool to implement in the
longitudinal approach to patients with COPD. More studies in different settings are needed to validate
the proposed algorithm for the follow-up of patients with COPD.
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